ABSTRACT
INTRODUCTION
photosynthetic efficiency and in turn crop productivity under future conditions?
Here we combine a metabolic model of C 3 photosynthetic metabolism, including the C 2 1 0 1 photorespiratory pathway, mathematically representing all discrete steps of photosynthesis from 1 0 2 light and CO 2 absorption to starch and sucrose synthesis (Zhu et al., 2007 , Zhu et al., 2013 Finally, via sensitivity analysis and dynamic gene regulatory network analysis, the combined 1 0 6 model is used to predict genetic changes, including expression levels of transcription factors, that any capacity to predict the observed decrease in V c,max and increase in J max that resulted from
The dynamic GRN ( Figure 5 ) was explored to identify TFs that would simultaneously 4 0 0 down-regulate carboxylation of Rubisco and up-regulate RubP regeneration and starch synthesis.
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Based on network topology, the top three candidate TFs are GmWRKY71 (Glyma.07G023300), 4 0 2 a bHLH transcription factor (Glyma.18G115700), and GmGATA2 (Glyma.01G169400) The predicted change in mRNA expression provided input for the protein translation knock-out of bHLH TF increased the overall photosynthesis rate compared to wild type, but 4 1 5 these failed to significantly lower Rubisco and release the resource that would be needed to Multi-scale models have the potential to identify and add missing mechanistic details plant science (Marshall-Colon et al., 2017 , Millar et al., 2019 . More than 4,000 mathematical 4 2 6 plant models were published over the last decade. The majority of these models describe one 4 2 7 biological scale or process and generalize the un-modeled spatio-temporal processes as a single individual genes that might be up-or down-regulated. The multi-scale model may now be used In this study, we constructed a multiscale model of soybean leaf photosynthesis by 4 4 2 integrating three models across molecular and organ-level scales using asynchronous message and not only suggests the changes in mRNA levels and how these affect photosynthetic 4 5 2 metabolism, but was able to predict the acclimation of photosynthetic CO 2 assimilation that had change in transcript concentration, it reveals that even a slight modification to the e- The successful manipulation of photosynthetic efficiency has been achieved through 4 7 0 targeted engineering of individual enzymes (Köhler et al., 2017 , Driever et al., 2017 , but an
alternative strategy is to simultaneously alter the expression of suites of enzymes involved in 4 7 2 different parts of the photosynthesis pathway (Simkin et al., 2017) . Understanding the under different environmental conditions, so avoiding the need to directly engineer change in 4 7 5 expression of genes for each enzyme. This study uncovered three TFs, GmWRKY71,
GmGATA2, and a bHLH TF, which potentially regulate the expression of genes encoding key Fankhauser and Aubry, 2016 , Saibo et al., 2008 , Wang et al., 2017a , Zhang et al., 2016 , this is we were able to derive weights associated with each TF-target interaction, indicating which TFs 4 8 7 exerted the greatest transcriptional control. Several TFs were found to co-regulate genes according to the A/Ci curve ( Figure 6D ). photosynthesis that are also related to genes in the ancestral C 3 state (Borba et al., 2018) .
Interestingly, a number of other studies identified the GATA family of transcription factors as Class A GATAs that are associated with the light regulation of gene expression and 
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